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LAMINATED ELECTRO - OPTIC DISPLAYS et al . , “ Video - Speed Electronic Paper Based on Electrowet 
AND METHODS OF MAKING SAME ting ” , Nature , 425 , 383-385 ( 2003 ) . It is shown in U.S. Pat . 

No. 7,420,549 that such electro - wetting displays can be 
CROSS REFERENCE TO RELATED made bistable . 

APPLICATION One type of electro - optic display , which has been the 
subject of intense research and development for a number of 

This application claims the benefit of and priority to U.S. years , is the particle - based electrophoretic display , in which 
Provisional application having Ser . No. 62 / 427,970 , filed on a plurality of charged particles move through a fluid under 
Nov. 30 , 2016 , the content of which is incorporated herein the influence of an electric field . Electrophoretic displays 
in its entirety . 10 can have attributes of good brightness and contrast , wide 

viewing angles , state bistability , and low power consump 
FIELD OF THE INVENTION tion when compared with liquid crystal displays . 

Numerous patents and applications assigned to or in the 
This invention relates to laminated electro - optic displays names of the Massachusetts Institute of Technology ( MIT ) , 

and the processes for the production of electrophoretic 15 E Ink Corporation , E Ink California , LLC and related 
displays . More specifically , in one aspect this invention companies describe various technologies used in encapsu 
relates to a method of manufacturing a laminated electro lated and microcell electrophoretic and other electro - optic 
optic display to provide a top plane connector ( TPC ) , i.e. an media . Encapsulated electrophoretic media comprise numer 
electrical connection between the conductors in a backplane ous small capsules , each of which itself comprises an 
and the conductive layer of the front plate laminate . 20 internal phase containing electrophoretically - mobile par 

ticles in a fluid medium , and a capsule wall surrounding the 
BACKGROUND internal phase . Typically , the capsules are themselves held 

within a polymeric binder to form a coherent layer posi 
The term “ electro - optic ” , as applied to a material or a tioned between two electrodes . In a microcell electropho 

display , is used herein in its conventional meaning in the 25 retic display , the charged particles and the fluid are not 
imaging art to refer to a material having first and second encapsulated within microcapsules but instead are retained 
display states differing in at least one optical property , the within a plurality of cavities formed within a carrier 
material being changed from its first to its second display medium , typically a polymeric film . The technologies 
state by application of an electric field to the material . described in these patents and applications include : 
Although the optical property is typically color perceptible 30 ( a ) Electrophoretic particles , fluids and fluid additives ; see 
to the human eye , it may be another optical property , such for example U.S. Pat . Nos . 7,002,728 and 7,679,814 ; 
as optical transmission , reflectance , luminescence , or , in the ( b ) Capsules , binders and encapsulation processes ; see for 
case of displays intended for machine reading , pseudo - color example U.S. Pat . Nos . 6,922,276 and 7,411,719 ; 
in the sense of a change in reflectance of electromagnetic Microcell structures , wall materials , and methods of form 
wavelengths outside the visible range . 35 ing microcells ; see for example U.S. Pat . Nos . 7,072,095 and 

Several types of electro - optic displays are known . One 9,279,906 ; 
type of electro - optic display is a rotating bichromal member ( d ) Methods for filling and sealing microcells ; see for 
type as described , for example , in U.S. Pat . Nos . 5,808,783 ; example U.S. Pat . Nos . 7,144,942 and 7,715,088 ; 
5,777,782 ; 5,760,761 ; 6,054,071 6,055,091 ; 6,097,531 ; ( e ) Films and sub - assemblies containing electro - optic 
6,128,124 ; 6,137,467 ; and 6,147,791 ( although this type of 40 materials ; see for example U.S. Pat . Nos . 6,982,178 and 
display is often referred to as a “ rotating bichromal ball ” 7,839,564 ; 
display , the term “ rotating bichromal member " is preferred ( f ) Backplanes , adhesive layers and other auxiliary layers 
as more accurate since in some of the patents mentioned and methods used in displays ; see for example U.S. Pat . Nos . 
above the rotating members are not spherical ) . Such a 7,116,318 and 7,535,624 ; 
display uses a large number of small bodies ( typically 45 ( g ) Color formation and color adjustment ; see for example 
spherical or cylindrical ) which have two or more sections U.S. Pat . Nos . 7,075,502 and 7,839,564 ; 
with differing optical characteristics , and an internal dipole . ( h ) Methods for driving displays ; see for example U.S. 
These bodies are suspended within liquid - filled vacuoles Pat . Nos . 7,012,600 and 7,453,445 ; 
within a matrix , the vacuoles being filled with liquid so that ( i ) Applications of displays ; see for example U.S. Pat . 
the bodies are free to rotate . The appearance of the display 50 Nos . 7,312,784 and 8,009,348 ; and 
is changed by applying an electric field thereto , thus rotating ( j ) Non - electrophoretic displays , as described in U.S. Pat . 
the bodies to various positions and varying which of the Nos . 6,241,921 and 2015/0277160 ; and applications of 
sections of the bodies is seen through a viewing surface . encapsulation and microcell technology other than displays ; 

Another type of electro - optic display uses an electrochro see for example U.S. Patent Application Publications Nos . 
mic medium , for example an electrochromic medium in the 55 2015/0005720 and 2016/0012710 . 
form of a nanochromic film comprising an electrode formed Many of the aforementioned patents and applications 
at least in part from a semi - conducting metal oxide and a recognize that the walls surrounding the discrete microcap 
plurality of dye molecules capable of reversible color sules in an encapsulated electrophoretic medium could be 
change attached to the electrode ; see , for example O'Regan , replaced by a continuous phase , thus producing a so - called 
B. , et al . , Nature 1991 , 353 , 737 ; and Wood , D. , Information 60 polymer - dispersed electrophoretic display , in which the 
Display , 18 ( 3 ) , 24 ( March 2002 ) . See also Bach , U. , et al . , electrophoretic medium comprises a plurality of discrete 
Adv . Mater . , 2002 , 14 ( 11 ) , 845. Nanochromic films of this droplets of an electrophoretic fluid and a continuous phase 
type are also described , for example , in U.S. Pat . Nos . of a polymeric material , and that the discrete droplets of 
6,301,038 ; 6,870,657 ; and 6,950,220 . This type of medium electrophoretic fluid within such a polymer - dispersed elec 
is also typically bistable . 65 trophoretic display may be regarded as capsules or micro 

Another type of electro - optic display is an electro - wetting capsules even though no discrete capsule membrane is 
display developed by Philips and described in Hayes , R. A. , associated with each individual droplet ; see for example , the 
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aforementioned U.S. Pat . No. 6,866,760 . Accordingly , for trode can slide . ) In one preferred form of such a process , the 
purposes of the present application , such polymer - dispersed backplane is itself flexible and is prepared by printing the 
electrophoretic media are regarded as sub - species of encap pixel electrodes and conductors on a plastic film or other 
sulated electrophoretic media . flexible substrate . The obvious lamination technique for An encapsulated electrophoretic display typically does 5 mass production of displays by this process is roll lamina 
not suffer from the clustering and settling failure mode of tion using a lamination adhesive . Similar manufacturing traditional electrophoretic devices and provides further techniques can be used with other types of electro - optic advantages , such as the ability to print or coat the display on displays . For example , a microcell electrophoretic medium a wide variety of flexible and rigid substrates . ( Use of the or a rotating bichromal member medium may be laminated word “ printing ” is intended to include all forms of printing 10 to a backplane in substantially the same manner as an and coating , including , but without limitation : pre - metered 
coatings such as patch die coating , slot or extrusion coating , encapsulated electrophoretic medium . 
slide or cascade coating , curtain coating ; roll coating such as Electro - optic displays , including electrophoretic displays , 
knife over roll coating , forward and reverse roll coating ; can be costly ; for example , the cost of the color LCD found 
gravure coating ; dip coating ; spray coating ; meniscus coat- 15 in a portable computer is typically a substantial fraction of 
ing ; spin coating ; brush coating ; air knife coating ; silk the entire cost of the computer . As the use of such displays 
screen printing processes , electrostatic printing processes ; spreads to devices , such as cellular telephones and personal 
thermal printing processes ; ink jet printing processes ; elec digital assistants ( MA's ) , much less costly than portable 
trophoretic deposition ( See U.S. Pat . No. 7,339,715 ) ; and computers , there is great pressure to reduce the costs of such 
other similar techniques . ) Thus , the resulting display can be 20 displays . The ability to form layers of electrophoretic media 
flexible . Further , because the display medium can be printed by printing techniques on flexible substrates , as discussed 
( using a variety of methods ) , the display itself can be made above , opens up the possibility of reducing the cost of 
inexpensively . electrophoretic components of displays by using mass pro 

Other types of electro - optic media may also be used in the duction techniques such as roll - to - roll coating using com 
displays of the present invention . 25 mercial equipment used for the production of coated papers , 

An electro - optic display normally comprises a layer of polymeric films and similar media . However , the ability to 
electro - optic material and at least two other layers disposed utilize roll - to - roll coating for the purpose of mass - produc 
on opposed sides of the electro - optic material , one of these tion of electro - optic displays having relatively large dimen two layers being an electrode layer . In most such displays sions is limited due to the need for precise alignment of the both the layers are electrode layers , and one or both of the 30 front plane laminate and backplane . electrode layers are patterned to define the pixels of the Thus , there is a need for improved mass production display . For example , one electrode layer may be patterned techniques associated with the manufacture of laminated into elongate row electrodes and the other into elongate 
column electrodes running at right angles to the row elec electro - optic displays . 
trodes , the pixels being defined by the intersections of the 35 SUMMARY OF THE INVENTION row and column electrodes . Alternatively , and more com 
monly , one electrode layer has the form of a single continu 
ous electrode and the other electrode layer is patterned into According to one embodiment of the present invention , a 
a matrix of pixel electrodes , each of which defines one pixel method of forming an electrophoretic display is provided . 
of the display . In another type of electro - optic display , which 40 The method may include forming a front plane laminate 
is intended for use with a stylus , print head or similar comprising , in this order , a first substrate , a first conductive 
movable electrode separate from the display , only one of the layer , a layer of electrophoretic media , and an adhesive , as 
layers adjacent the electro - optic layer comprises an elec well as coating an insulating layer and a second conductive 
trode , the layer on the opposed side of the electro - optic layer layer onto a second substrate to provide a backplane . The 
typically being a protective layer intended to prevent the 45 first substrate and first conductive layer may be transparent , 
movable electrode damaging the electro - optic layer . and the second substrate may include a plurality of conduc 

The manufacture of a three - layer electro - optic display tors . The method may further include scoring the second 
normally involves at least one lamination operation . For substrate to provide a removable portion , laminating the 
example , in several of the aforementioned MIT and E Ink front plane laminate to the backplane , removing the portion 
patents and applications , there is described a process for 50 from the second substrate to provide an opening in the 
manufacturing an encapsulated electrophoretic display in backplane , and filling the opening with a conductive mate 
which an encapsulated electrophoretic medium comprising rial to provide an electrical connection between the first 
capsules in a binder is coated on to a flexible substrate conductive layer and one of the plurality of conductors . 
comprising indium - tin - oxide ( ITO ) or a similar conductive According to another embodiment of the present inven 
coating ( which acts as one electrode of the final display ) on 55 tion , a laminated electrophoretic display is provided . The 
a plastic film , the capsules / binder coating being dried to display may comprise a front transparent substrate , a rear 
form a coherent layer of the electrophoretic medium firmly substrate having a plurality of conductors , and a plurality of 
adhered to the substrate . Separately , a backplane , containing layers between the front substrate and the rear substrate . The 
an array of pixel electrodes and an appropriate arrangement plurality of layers may include a layer of electrophoretic 
of conductors to connect the pixel electrodes to drive 60 media , a first conductive layer positioned between the front 
circuitry , is prepared . To form the final display , the substrate substrate and the electrophoretic media , and a second con 
having the capsule / binder layer thereon is laminated to the ductive layer positioned between the electrophoretic media 
backplane using a lamination adhesive . ( A very similar and the rear substrate . The rear substrate may also include a 
process can be used to prepare an electrophoretic display through - hole filled with a conductive material such that at 
usable with a stylus or similar movable electrode by replac- 65 least one of the plurality of conductors is electrically con 
ing the backplane with a simple protective layer , such as a nected via the conductive material to the first conductive 
plastic film , over which the stylus or other movable elec layer . 
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These and other aspects of the present invention will be able filler to be loaded into the hole in order to make an 
apparent in view of the following description . electrical connection between the top conducting layer and 

the conductor embedded in the backplane . 
BRIEF DESCRIPTION OF THE FIGURES Referring to the figures generally , a laminated electropho 

5 retic display is provided comprising a front transparent 
The drawing Figures depict one or more implementations substrate ; a rear substrate having a plurality of conductors ; 

in accord with the present concepts , by way of example only , and a plurality of layers between the front substrate and the 
not by way of limitations . In the figures , like reference rear substrate , the plurality of layers comprising a layer of 
numerals refer to the same or similar elements . electrophoretic media , a first conductive layer positioned 

FIG . 1 is a schematic cross - section through a front plane 10 between the front substrate and the electrophoretic media , 
laminate used in a process according to an embodiment of and a second conductive layer positioned between the elec 
the present invention ; trophoretic media and the rear substrate , wherein the rear 

FIG . 2A is a schematic top plan view of a substrate of a substrate includes a through - hole filled with a conductive 
backplane used in a process according to an embodiment of material such that at least one of the plurality of conductors 
the present invention ; 15 is electrically connected via the conductive material to the 

FIG . 2B is a schematic top plan view of the substrate of first conductive layer . 
FIG . 2A coated with an insulating layer ; Various embodiments of the present invention also 

FIG . 2C is a schematic top plan view of the substrate of include a method of forming an electrophoretic display . The 
FIG . 2B coated with a bottom conductive layer ; method comprises forming a front plane laminate compris 

FIG . 2D is a schematic bottom plan view of the front 20 ing , in this order , a first substrate , a first conductive layer , a 
plane laminate of FIG . 1 having a region of exposed top layer of electrophoretic media , and an adhesive , the first 
conductive layer ; substrate and first conductive layer being transparent ; coat 

FIG . 3A is a schematic bottom plan view of a backplane ing an insulating layer and a second conductive layer onto a 
laminated to a front plane laminate according to another second substrate comprising a plurality of conductors to 
embodiment of the present invention ; 25 provide a backplane ; scoring the second substrate to provide 

FIG . 3B is a magnified view of the tab of the backplane a removable portion ; laminating the front plane laminate to 
of FIG . 3A ; the backplane ; removing the portion from the second sub 

FIG . 3C is a magnified view of another embodiment of a strate to provide an opening in the backplane ; and filling the 
tab for a backplane ; opening with a conductive material to provide an electrical 

FIG . 3D is a magnified view of yet another embodiment 30 connection between the first conductive layer and one of the 
of a cutout for a backplane ; plurality of conductors . 

FIG . 3E is a magnified view of yet another embodiment The portion in the second substrate in the above described 
of a cutout for a backplane . method may be cut in proximity to the one conductor . The 

FIG . 4 is a schematic cross - section along axis I - I of the scoring step may also occurs either prior to or after coating 
laminate of FIG . 3A ; 35 the second substrate with the insulating layer and the second 

FIG . 5 is a schematic cross - section of the laminate of FIG . conductive layer . The removing step may expose the elec 
4 after the tab has been removed from the backplane ; trophoretic media and adhesive within the opening , so that 

FIG . 6 is a schematic cross - section of the laminate of FIG . at least some of the electrophoretic media and adhesive 
5 after a portion of the electro - optic media has been within the opening after the laminating step to expose the 
removed ; 40 first conductive layer may be cleaned away and / or removed . 

FIG . 7 is a schematic cross - section of the laminate of FIG . The portion of the second substrate may be cut into the form 
6 after a void has been filled with a conductive material ; of a flap . Furthermore , the second conductive layer may be 

FIG . 8 is a schematic cross - section of a laminate accord applied to two opposing surfaces of the second substrate . 
ing to another embodiment of the invention after a void has Reference now is made in detail to the examples illus 
been filled with a conductive material ; and 45 trated in the accompanying drawings and discussed below . 

FIG . 9 is a schematic cross - section of a laminate accord In FIG . 1 , a schematic cross - section of a front plane 
ing to yet another embodiment of the invention after a void laminate ( “ FPL " ) 100 is provided . The FPL 100 is similar to 
has been filled with a conductive material . those described in aforementioned U.S. Pat . No. 6,982,178 , 

the contents of which are incorporated herein by reference . 
DETAILED DESCRIPTION 50 The FPL 100 may comprise , in order , a light - transmissive 

electrically - conductive layer ; a layer of a solid electro - optic 
In the following detailed description , numerous specific medium in electrical contact with the electrically - conductive 

details are set forth by way of examples in order to provide layer ; an adhesive layer ; and a release sheet . Typically , the 
thorough understanding of the relevant teachings . How light - transmissive electrically - conductive layer 104 is 

ever , it should be apparent to those skilled in the art that the 55 applied to a light - transmissive substrate 102 , which is pref 
present teachings may be practiced without such details . erably flexible , in the sense that the substrate can be manu 

The various examples described in this section relate to a ally wrapped around a drum 10 inches ( 254 mm ) in diam 
method for forming a display through a non - precision lami eter , for example , without permanent deformation . The term 
nation technique while also allowing for small , precisely “ light - transmissive ” is used herein throughout the specifi 
located top plane connections . Generally , according to an 60 cation and claims to mean that the layer thus designated 
embodiment of the present invention , the backplane may be transmits sufficient light to enable an observer , looking 
provided with a hole that extends through the end portion of through that layer , to observe the change in display states of 
a conductor that is formed in the backplane . After lamina the electro - optic medium , which will normally be viewed 
tion , the top conducting layer of the front plane laminate through the electrically - conductive layer and adjacent sub 
may be cleaned of electrophoretic media and lamination 65 strate ( if present ) ; in cases where the electro - optic medium 
adhesive through the hole in the backplane . This exposes the displays a change in reflectivity at non - visible wavelengths , 
top conducting layer and allows for a conductive dispens the term “ light - transmissive ” should of course be interpreted 
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to refer to transmission of the relevant non - visible wave nated displays of the present invention , such as U.S. Pat . No. 
lengths . The substrate 102 may be manufactured from glass 7,223,672 , the contents of which are incorporated by refer 
or a polymeric film , for example , and may have a thickness ence herein . 
in the range of about 1 to about 25 mil ( 25 to 634 um ) , There are three main categories of backplanes : an active 
preferably about 2 to about 10 mil ( 51 to 254 um ) . The top 5 matrix , a passive matrix , and a direct drive backplane . Any 
conductive layer 104 may comprise a thin metal or metal type of backplane may be used in the various embodiments 
oxide layer of , for example , ITO , or may be a conductive of the present invention in order to provide a top plane 
polymer , such as PEDOT . connection within the perimeter of the laminate . 

A coating of electro - optic medium 106 is applied over the For an active matrix backplane , an array of thin film 
top conductive layer 104 , such that the electro - optic medium 10 transistors ( TFT ) are formed on the surface of a substrate 
106 is in electrical contact with the top conductive layer 104 . and each transistor acts as a switch for a pixel . The TFT is 
The electro - optic medium 106 may , preferably , be in the addressed by a set of narrow multiplexed electrodes ( gate 
form of an opposite charge dual particle encapsulated elec lines and source lines ) A pixel is addressed by applying 
trophoretic medium of the type described in U.S. Patent voltage to a gate line that switches the TFT on and allows a 
Application 2002/0185378 , the contents of which are incor- 15 charge from the source line to flow on to the rear electrode . 
porated by reference herein . The medium may comprise This sets up a voltage across the pixel and turns it on . 
dispersion media encapsulated within a binder . The disper Passive - matrix backplanes use a simple grid to supply the 
sion media may contain a hydrocarbon - based liquid in charge to a particular pixel on the display . The grids are 
which are suspended negatively charged white particles and formed on top and bottom substrates . One substrate forms 
positively charged black particles . Upon application of an 20 the “ columns ” and the other substrate forms the “ rows ” . The 
electrical field across the electro - optic medium 106 , the wiring of the column or rows is made from a transparent 
white particles may move to the positive electrode and the conductive material , usually indium - tin oxide ( ITO ) . The 
black particles may move to the negative electrode , for rows or columns are connected to integrated circuits that 
example , so that the electro - optic medium 106 appears , to an control when a charge is sent down a particular column or 
observer viewing the display through the substrate 102 , 25 row . 
white or black depending upon whether the top conductive In the direct - drive backplane 200 , the bottom substrate 
layer 104 is positive or negative relative to the backplane at 202 may include an electrical connector 204 located on an 
any point within the final display . The electro - optic medium edge of the substrate 202 from which a plurality of conduc 
106 may alternatively comprise a plurality of colored par tors 206 , 207 , 208 extends . Any method known by those of 
ticles in addition to black and / or white particles , for 30 skill in the art may be used to trace the conductors 206 , 207 , 
example , each color having a respective charge polarity and 208 onto the surface of the substrate 202 , such as plating 
strength . methods . Among the plurality of conductors , one of the 

A layer of lamination adhesive 108 may be coated over conductors 206 is used to form the top plane connection with 
the electro - optic medium layer 106 , and a release layer 110 the top conductive layer of the FPL . According to various 
may be applied over the adhesive layer 108. The release 35 embodiments of the invention , the conductor 206 used to 
layer 110 may be a PET film , for example , that is approxi form the top plane connection may include a cut - out 214 , 
mately 7 mil in thickness , which may be provided with any which will be described in greater detail below . 
appropriate release coating , for example a silicone coating . The substrate 202 of the direct drive backplane 200 will 
The presence of this lamination adhesive layer affects the then be coated with an insulating layer 210 , as illustrated in 
electro - optic characteristics of the displays . In particular , the 40 FIG . 2B . The insulating layer 210 is preferably made from 
electrical conductivity of the lamination adhesive layer a dielectric material , such as silicon nitride , an insulating 
affects both the low temperature performance and the reso polymer , or cross - linkable monomer or oligomer . The insu 
lution of the display . The low temperature performance of lating layer 210 is applied to cover a majority of the 
the display may be improved by increasing the conductivity conductive material , while leaving the end portions of the 
of the lamination adhesive layer , for example by doping the 45 conductors 206 , 207 , 208 exposed . A segmented conductive 
layer with tetrabutylammonium hexafluorophosphate or layer 212a , 212b is then applied over the conductors 207 , 
other materials as described in U.S. Pat . Nos . 7,012,735 and 208 that will not form part of the top plane connection , as 
7,173,752 , the contents of which are incorporated by refer illustrated in FIG . 2C . The segmented conductive layers 
ence herein . The FPL may optionally include a thin second 212a , 212b are applied such that each segment is electrically 
conductive layer , preferably of aluminum , between the 50 connected to a respective conductor 207 , 208 , which may be 
release sheet 110 and the laminate adhesive 108 that may be achieved by leaving an area of insulating material 210 
removed with the release sheet 110. The second conductive between the segments 212a , 212b . The conductive layer is 
layer may be used for testing of the electro - optic medium . also applied in a manner that will avoid an electrical 

The FPL may also be provided in other forms , such as a connection with conductor 206 , which will form part of the 
“ double release sheet ” as described in U.S. Pat . No. 7,561 , 55 top plane connection . For example , the conductive layer 
324 or an “ inverted front plane laminate ” , as described in 212b may be applied such that a boundary of insulating layer 
U.S. Pat . No. 7,839,564 , the contents of both of which are 210 will remain between the conductor 206 and the con 
incorporated herein by reference in their entireties . ductive layer 212b , as illustrated in FIG . 2C . 

Referring now to FIGS . 2A to 2C , a schematic of a Assembly of an electro - optic display using FPL 100 may 
direct - drive backplane 200 is illustrated . The backplane 200 , 60 be effected by removing the release sheet 110 and contacting 
similar to the FPL 100 , may include a plurality of layers that the adhesive layer 108 with the backplane 200 under con 
may be flexible . The underlying substrate may be formed ditions effective to cause the adhesive layer 108 to adhere to 
from an ablatable polymeric material , such as a polyimide , the backplane 200 , thereby securing the adhesive layer 108 , 
for example . The substrate may also include other optional layer of electro - optic medium 106 and electrically - conduc 
layers such as a reflective / moisture barrier . Any method 65 tive top layer 104 to the backplane 200 , and then cut into 
known by those of skill in the art may be used to fabricate pieces of any size needed for use with specific backplanes . 
a backplane for use in the lamination processes and lami However , referring to FIGS . 2C and 2D , the backplane 200 
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and FPL 100 must be laminated , such that the end of the materials being laminated , thus avoiding unwanted air 
conductor 206 is electrically connected only to a specific bubbles in the final display ; such air bubbles may introduce 
area of the top conductive layer 104 that is exposed through undesirable artifacts in the images produced on the display . 
the adhesive layer 108 , as illustrated in FIG . 21 ) . Previously , However , vacuum lamination of the two parts of an electro 
this has been achieved by either cutting away or cleaning the 5 optic display in this manner imposes stringent requirements 
FPL to expose the specific section of the top conductive upon the lamination adhesive used , especially in the case of 
layer that will contact the corresponding conductor in the a display using an encapsulated electrophoretic medium . 
backplane . If the section in the FPL is cut and cleaned prior The lamination adhesive should have sufficient adhesive 
to lamination to the backplane , the FPL must be precisely strength to bind the electro - optic layer to the backplane , and 
aligned to the backplane . This is especially difficult with 10 in the case of an encapsulated electrophoretic medium , the 
large displays , in particular when fabricating prototypes or adhesive should also have sufficient adhesive strength to 
custom displays without alignment jigs . Alignment jigs are mechanically hold the capsules together . The adhesive is 
impractical for one - off , displays and may even be impossible preferably chemically compatible with all the other materi 
for some odd shaped displays . If the section in the FPL is als in the display . If the electro - optic display is to be of a 
made after lamination , the cleaning process is likely to 15 flexible type , the adhesive should have sufficient flexibility 
damage the top and / or backplane conductive layer . not to introduce defects into the display when the display is 

The process according to various embodiments of the flexed . The lamination adhesive should have adequate flow 
present invention overcomes the disadvantages in previous properties at the lamination temperature to ensure high 
lamination techniques by utilizing a cut - out 214 that is quality lamination . Furthermore , the lamination temperature 
scored within the perimeter of an end portion of a conductor 20 is preferably as low as possible . An example of a useful 
that forms a part of the top plane connection . To produce a lamination adhesive that may be incorporated in the various 
display module according to an embodiment of the present embodiments of the present invention an aqueous polyure 
invention , the FPL must first be laminated to a backplane thane dispersion known as a “ TMXDI / PPO ” dispersion , as 
having a cut - out . The FPL can be cut larger than the final described in U.S. Patent Application Publication No. 2005 / 
display size and could even be a continuous sheet as in a 25 0107564 , the contents of which are incorporated by refer 
roll - to - roll process . This allows for coarse tolerances in ence herein . 
alignment of the FPL and backplane , which is especially Referring now to FIGS . 4 to 7 , a process for making a top 
helpful for large displays . Once laminated , the display can plane connection according to one embodiment of the pres 
be cut to its final size , potentially using alignment marks or ent invention will now be described . FIGS . 4 to 7 are a 
pins on the backplane to allow for precisely aligning the cut 30 partial schematic cross - section along axis I - I of FIG . 3A . As 
to the backplane . As illustrated in FIGS . 3A to 3C , the illustrated in FIG . 4 , the cut - out 214 in the substrate 202 of 
cut - out 214 in the rear surface of the backplane 200 may the backplane was incorporated prior to formation of the 
form a tab or flap , so that the cut - out 214 may be easily conductor 206 . 
removed post - lamination of the backplane to the FPL . The As a result of the plating operation to form the conductor 
cut - out may be provided in a variety of shapes , such as 35 206 , the material of the conductor 206 fills the space 
rectangular , circular , etc. , and any method know to those of between the cut - out 214 and the substrate 202. Therefore , it 
skill in the art for scoring a backplane material may be used , is preferred to form the cut - out 214 prior to forming the 
such as laser - cutting , for example . If the backplane is made conductors 206 , as best shown in FIG . 7 , in order to increase 
of glass , laser - cutting may be used , as well as other methods , the surface contact area of the portion of the conductor that 
such as cutting or drilling with a diamond saw or drill , for 40 will form the top plane connector . It is also preferred to 
example . If a diamond saw is utilized , a rectangular - shaped provide a cut - out 214 in the form of a tab , for example , 
tab may be made from two substantially parallel cuts origi rather than a through - hole in the substrate 202 to provide a 
nating at the edge of the backplane , such as the tab 214 backing for the FPL during the lamination process and 
illustrated in FIG . 3E . Alternatively , the cuts may converge reduce the likelihood of forming a divot or deformation in 
to form a tapered tab , similar to a triangular or trapezoidal 45 the surface of the FPL over the area of the through - hole . 
shape , for example . In a less preferred embodiment , a hole After the lamination step , the cut - out 214 may be 
may be drilled into the backplane and covered with a removed , as illustrated in FIG . 5. Because the adhesive layer 
removable cover , such as a sticker , having an area at least as 108 is laminated to the substrate 202 , removal of the cut - out 
large as the opening . The removable cover would serve as 214 will also result in removal in the section of the adhesive 
the removable tab . 50 layer 108. Therefore , removal of the cut - out 214 will accom 

In other embodiment of the present invention , the cut - out plish a substantial portion of the cleaning required to expose 
214 may be a segmented circle and a slot 215 may be the top conductive layer 104. In order to expose the top 
incorporated about the center of the segmented circle 214 . conductive layer 104 , a solvent may be used in a manual or 
The slot 215 may be dimensioned to receive a tool , such as automated cleaning process to expose a portion of the 
a flat - head screwdriver , for example , and the thin strips of 55 electro - optic medium 106 within the boundary of the 
material separating the segments of the circle 214 may be through - hole , as illustrated in FIG . 6. The solvent should be 
sufficiently thin , such that rotation of the cut - out 214 with a selected that will dissolve the electro - optic layer without 
tool will cause the thin strips of material to break and allow damaging the top conductive layer . The size of the cut - out 
removal of the cut - out 214 from the substrate 202. The should be selected , such that sufficient space is provided 
cut - out 214 may be divided into any number of segments , 60 following its removal to allow for ease and efficiency of 
preferably at least two , and the slot 215 may be any shape cleaning and to maximize the surface area for electrical 
that is able to mate with a tool . For example , the slot 215 contact with the overlying conductor . 
may be in the form of a cross to accommodate a Philips Once the top conductive layer 104 is exposed , a conduc 
screwdriver or a hexagon to accommodate an Allen wrench . tive material 216 may be filled in the open space to electri 

The lamination of the FPL to the backplane may advan- 65 cally connect the conductor 206 to the top conductive layer 
tageously be carried out by vacuum lamination . Vacuum 104 , thus forming the top plane connection . The conductive 
lamination is effective in expelling air from between the two material may be any conductive filler known to those of skill 
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in the art , such as a silver or carbon filled epoxy . In a final ous variations , changes , and substitutions will occur to those 
step , an insulating barrier ( not shown ) may be applied over skilled in the art without departing from the spirit of the 
any conductive filler by laminating or dispensing a thin layer invention . Accordingly , it is intended that the appended 
of insulating material over an area that is at least as large as claims cover all such variations as fall within the spirit and 
the area of the conductive filler on the exposed side of the 5 scope of the invention . backplane . 

In another embodiment of the present invention , a double We claim : sided backplane may be incorporated into the laminate . A 1. A method of forming an electro - optic display compris double - sided backplane differs from the backplane illus 
trated in FIGS . 4 to 7 in that the material used to the form 10 ing : 
the conductor for the top plane connection may be printed on forming a front plane laminate comprising , in this order , 
both sides of the backplane substrate . As illustrated in the a first substrate , a first conductive layer , a layer of an 
example of FIG . 8 , the material used to form the conductor electro - optic medium , and an adhesive , the first sub 
206 has been printed on both sides of the substrate 202 , such strate and first conductive layer being transparent ; 
that the conductor 206 will cover generally the entirety of 15 coating an insulating layer and a second conductive layer 
the through - hole formed after removal of the cut - out . The onto a second substrate comprising a plurality of con 
remaining steps of the top plane connection process will be ductors to provide a backplane ; 
the same as those described above . By using a double - sided scoring the second substrate to form a removable portion ; 
backplane , the surface area of the conductor is larger relative laminating the front plane laminate to the backplane , such 
to the embodiment illustrated in FIGS . 4 to 7. This allows for 20 that the layer of electro - optic medium is between the 
more connection surface area between the conductor in the first conductive layer and one of the plurality of con 
backplane and the conductive fill material which will be ductors ; 
dispensed into the plated through - hole via . removing the portion from the second substrate to provide 

A double sided backplane , similar to a single sided an opening through the backplane and the layer of 
backplane , may be produced by known PCB or flex - PCB 25 electro - optic medium ; and 
techniques as well as by screen printing . The extra screen filling the opening with a conductive material to provide 
printing step , where conductor material is applied to the an electrical connection between the first conductive 
bottom side of the substrate around the cut - out would add layer and the one conductor . 
extra area for making the top plane connection thereby 2. The method of claim 1 , wherein the portion in the 
improving the overall display reliability . 30 second substrate is scored in proximity to the one conductor . 

Another embodiment comprising a double sided back 3. The method of claim 1 , wherein the scoring step occurs 
plane is illustrated in FIG . 9. For certain configurations of prior to coating the second substrate with the insulating layer 
screen printed backplanes , for example , the through - hole and the second conductive layer . 
created by removing the cut - out to form the top plane 4. The method of claim 1 , wherein the removing step 
connection may not be ideally sized , such that it may 35 exposes at least one of the electro - optic medium and the 
simultaneously be used as a conductive via . The embodi adhesive within the opening . 
ment illustrated in FIG . 9 instead provides two separate 5. The method of claim 4 further comprising removing at 
pathways through the substrate 202 , one conductive via 220 least some of the electro - optic medium and adhesive within 
for the conductor 206 , which is screen printed on both sides the opening after the laminating step to expose the first 
of the substrate 202 and covered with an insulating layer 40 conductive layer . 
210 , as well as one through - hole filled with conductive 6. The method of claim 1 , wherein the portion of the 
material 216 to from the top plane connection between the second substrate is in the form of a flap . 
conductor 206 and the top conductive layer 104. In this 7. The method of claim 1 , wherein the second conductive 
embodiment , the laminate may include a plurality of vias to layer is applied to two opposing surfaces of the second 
ensure connectivity between the screen printed conductors 45 substrate . 
on either side of the backplane substrate and the conductive 8. The method of claim 1 , wherein the portion is removed 
layer on the walls of the through - hole for the top plane prior to the laminating step . 
connection is not necessary . 9. The method of claim 8 , wherein the one conductor is 

Thus , the various embodiments of the present invention plated onto the surface of the opening prior to coating the 
simplify the production of custom large area displays where 50 second substrate with the insulating layer and the second 
alignment jigs and other equipment are not available for conductive layer . 
precision aligned lamination . It also makes possible the use 10. A laminated electro - optic display comprising : 
of roll - to - roll production of displays using continuous rolls a front transparent substrate ; 
of FPL and backplane . The electrical connection between a rear substrate having a plurality of conductors ; and 
the top conductive layer and the backplane will be robust 55 a plurality of layers between the front substrate and the 
and reliable due to the relatively large area of exposed top rear substrate , the plurality of layers comprising a layer 
conductive layer . For architectural applications of electro of an electro - optic medium , a first conductive layer 
optic displays that require large and sometimes unique positioned between the front substrate and the electro 
coverage areas , small volume orders can be made with high optic medium , and a second conductive layer posi 
yield , especially in applications in which the TPC cannot be 60 tioned between the electro - optic medium and the rear 
hidden behind a bezel or frame and must be small . The small substrate , 
TPC provided using the process according various embodi wherein the rear substrate includes a through - hole filled 
ments of the invention may be highly desirable in such with a conductive material such that at least one of the 
applications . plurality of conductors is electrically connected via the 

While preferred embodiments of the invention have been 65 conductive material to the first conductive layer . 
shown and described herein , it will be understood that such 11. The method of claim 1 , wherein the electro - optic 
embodiments are provided by way of example only . Numer medium is an electrophoretic medium . 
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12. The display of claim 10 , wherein the electro - optic 
medium is an electrophoretic medium . 
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